Robust video/ultrasonic fusion based estimation for automotive applications by Pathirana, Pubudu et al.
207
0-7803-9701-0/06/$20.00 ©2006 IEEE
Authorized licensed use limited to: DEAKIN UNIVERSITY LIBRARY. Downloaded on August 6, 2009 at 01:39 from IEEE Xplore.  Restrictions apply. 
Robust VideolUltrasonic Fusion Based Estimation 
for Automotive Applications 
Pubudu N. Pathiranat Allan E.K Limt 
tSchool of Engineering & Information Technology, 
Deakin University, 
Geelong, VIC 3217, Australia 
{pubudu,allan.lim,phodgson}@deakin.edu.au 
Abstract- We describe how object estimation by a sta-
tionary or a non-stationary camera can be improved using 
recently-developed robust estimation ideas. The robustness 
of vision-based systems can be improved significantly by 
employing a Robust Extended Kalman Filter (REKF). The 
system performance is also enhanced by increasing the spatial 
diversity in measurements via employing additional cameras 
for video capture. We describe a normal-flow based image seg-
mentation technique to identify the object for the application 
of our proposed state estimation technique. Our simulations 
demonstrate that dynamic system modelling coupled with the 
application of a REKF significantly improves the estimation 
system performance, especially when large uncertainties are 
present. 
I. INTRODUCTION 
We consider the problem of accurately tracking moving 
objects using a combination of sensors mounted on a 
vehicle undergoing independent motion. In the past, lim-
itations on available computing power necessitated major 
simplifications of the kinematics model, performance index 
and constraints in order to render the solution suitable for 
mechanization of a system in real time. However, recent 
technological advances, particularly in computing and sub-
system technologies, have now made further improvements 
in collision-avoidance technology possible. It is now feasi-
ble to design tracking strategies that are not only more capa-
ble of achieving accurate estimates of position and velocity, 
but that are also economical and simpler in production. 
Onboard video cameras can be used for collision-avoidance 
alarm systems. Video imaging is inexpensive both in terms 
of cost and energy and is simple to add to the onboard 
electronics. 
There are two fundamentally distinct approaches to the 
problem of motion parameter estimation using a video 
stream. Feature-based techniques identify and track corre-
spondence points identified by features of the objects being 
imaged, whereas optical flow-based techniques represent 
motions in the image plane as sampled velocity fields. 
These techniques have been used alongside dynamic system 
modelling for parameter estimation. 
In [1] , object motion was modelled by retaining an arbi-
trary number of terms in the appropriate Taylor series while 
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the neglected terms of the series were modelled as process 
noise. Recursive estimation of structure and motion param-
eters was performed with an Iterative Extended Kalman 
Filter (IEKF). Roach and Aggarwal in [2] introduced, and 
presented numerical solution techniques for, a system of 
nonlinear equations which determined the 3D motion of an 
object relative to the camera from a sequence of 2D images. 
They, as well as Fang and Huang in [3] , drew attention 
to the fact that most existing techniques perform poorly 
when the images are noisy. More recently, Blostein et al. 
[4] demonstrated the feasibjljty and enhanced performance 
of a hybrid optical flow / feature point approach which 
applied an extended Kalman filter to a constant-velocity 
object motion model. 
Here we develop a more realistic kinematics model of the 
multi-body dynamics. The aim is to incorporate an object 
localization process and enhance the robustness of the 
overall estimation process by using information fusion ideas 
to improve the system performance. In this application, the 
primary objective of the video processing stage is itera-
tive target localization, as opposed to object identification. 
Therefore we use optical flow based image segmentation, 
as the feature-based approaches are less appropriate for this 
particular objective. 
In our model, a possibly moving object is tracked by 
an onboard video camera mounted on a car. Furthermore, 
we assume that other video cameras mounted elsewhere 
in the vehicle can also track the object and send their 
measurements to a fusion based form of the estimator. Then 
our problem is to estimate the coordinates and velocity 
of the object from the entire set of video measurements 
available. 
In reality, such a system is subject to large uncertainties 
and measurement noise, particularly with respect to the 
initial conditions and also in image position localization[3] . 
In addition, the unpredictable maneuver of the object 
can make accurate tracking particularly difficult. For this 
purpose we employ the Robust Extended Kalman Filter 
(REKF) technique developed in [5], [6] . This robust version 
of the Extended Kalman Filter (EKF) takes into account 
large uncertainties and errors in the measurements and the 
system model. We show that the system performance can 
be significantly improved by incorporating additional video 
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